Purpose Head and neck cancer and its treatment deteriorate quality of life, but symptoms improve with person-centred care. We examined the cost-effectiveness of a person-centred care intervention versus standard medical care. Methods In this randomized clinical trial of a person-centred intervention, patients were planned for outpatient oncology treatment in a Swedish university hospital between 2012 and 2014 and were followed during 1 year. Annual healthcare costs were identified from medical records and administrative register data. Productivity costs were calculated from reported sick leave. Health-related quality of life was collected using the EuroQol Group's five-dimension health state questionnaire. Results Characteristics were similar between 53 patients in the intervention group and 39 control patients. The average total cost was Euro (EUR) 55,544 (95% confidence interval: EUR 48,474-62,614) in the intervention group and EUR 57,443 (EUR 48,279) among controls, with similar health-related quality of life. Conclusions This person-centred intervention did not result in increased costs and dominated the standard medical care. Trial registration ClinicalTrials.gov (registration number: NCT02982746).
Introduction
Head and neck cancers (HNC) are a heterogeneous group of tumours affecting the upper aerodigestive tract, with the two major identified causes being tobacco/alcohol use and human papilloma virus (HPV) [1] . Globally, larynx cancer, lip and oral cavity cancer, nasopharynx cancer and other pharynx cancer are reported as the main cause of 380,000 deaths annually and 4.3% of deaths due to cancer [2] . The incidence of approximately 1400 new cases per year in Sweden 1 is slightly increasing, in particular for HPV-related oropharyngeal cancers. Treatment of HNC includes surgery, in particular for oral tumours, and radiotherapy, mainly in laryngeal tumours or in combination with chemotherapy for more advanced tumours [3] . One important issue in HNC is the patient's health-related quality of life, associated not only with the disease itself but also with side effects of cancer treatments on, e.g. physical functioning and nutrition [4] . An important aspect of such side effects are the challenges met by patient with HNC related to eating ability, weight loss and changed meaning of food [5] , but the picture is further complicated by the large symptom burden identified also before treatment is initiated [6] . The quality of life of patients with HNC has been reported to deteriorate, in particular, in the immediate period after finishing treatment [7] . It has thus been suggested that patients with HNC could benefit from support also in the post-treatment period [8] . Carlström et al. [9] reported that patients to a large extent conducted unannounced ad hoc visits to their specialized healthcare clinics also after having been discharged to primary care, e.g. to address treatment side effect.
However, patients are different and how they perceive or react to the treatment of HNC can vary, and it is difficult to develop a standardized care suitable for all patients. Personcentred care aims towards strengthened self-confidence and recruiting the individuals own resources. Person-centred care has been reported to result in improved health outcomes and patient satisfaction [10] . Carlström et al. [9] found that personcentred care resulted in both more effective use of resources in the oncology unit and better service to the patients. However, interventions should also be followed by an economic evaluation to aid decision making [11] to ensure that a decreased resource use in one unit is not the results of, e.g. redistribution towards more costly healthcare use in other units. Due to the reported increasing proportion of young patients with HNC, associated with an increase in HPV-positive cancers [1, 12] , such analyses should acknowledge the potential effect of HPV tumour status on healthcare and productivity.
The aim was to examine the cost-effectiveness, including healthcare and productivity costs, of a person-centred care intervention versus standard medical care among patients with HNC. In a post hoc analysis, costs were compared between patients in the intervention group and controls by HPV tumour status, as HPV-positive HNC are increasing.
Materials and methods
An economic analysis was conducted alongside a randomized controlled study examining the health effects (with regard to symptoms and health-related quality of life) of a person centred intervention versus standard medical care among patient with HNC [9, 13] . Costs resulting from HNC were followed for 1 year after inclusion in the study.
Study population
The study was conducted in a university hospital in Sweden, in an oncologic department specialized in HNC. In the regions Västra Götaland and Halland, approximately 300 patients with HNC (20% of all diagnosed in Sweden) are diagnosed annually. 2 Patients diagnosed between 1 March 2012 and 13 February 2014 were asked to participate if eligible for receiving the adjuvant therapy in an specialized care outpatient clinic (as opposed to being hospitalized). Approximately 100 patients were required to detect a 20% improvement in the European Organization for Research and Treatment of Cancer quality of life questionnaire (EORTC QLQ-C30) at a 5% significance level with 80% power [13] . Of the 101 patients eligible for inclusion, five declined to participate and thus 54 (56%) of 96 consenting patients were randomized to the intervention group using a computerized imbalance randomization (60:40) and sealed opaque envelopes provided by the coordinating nurse. The drop-out rate during the study period was 8.3%: four patients died during the study, one were excluded due to confusion, one patient due to relapse and resulting transfer to an inpatient department and two patients choose to end their participation (Fig. 1) .
Age, sex, peer or family support and occupation were collected by the research nurses. Person characteristics of the final 53 patients in the intervention group and 39 patients in the control group are presented in Table 1 . Additional information regarding tumour site, clinical stage and treatment in this study population has been published elsewhere [13] .
Person-centred care intervention and standard medical care
All patients received standard medical care according to the national care programme [3] , which included post-treatment follow up visits to an oncologist at 6-8 weeks and from then on every third month for 2 years.
In addition, patients randomized to the intervention group received an add-on person-centred care intervention. Key components were the patient narrative, partnership and shared decision making between professional and patient and documentation in the form of care plans. A multidisciplinary team was formed, coordinated by an oncology nurse. Patients in the intervention group were invited to a baseline meeting with the oncology nurse, together with their next of kin. During the study, patients and their relatives were provided phone consultations and visits to the oncology nurse during office hours and with the department during weekends. The coordinating nurse was responsible for setting up, together with the patient and next of kin, a care plan.
Costs
Annual healthcare costs for specialized outpatient care and inpatient care, and productivity costs, were calculated. Other costs associated with HNC, such as travel to and from treatment, primary care use or informal care provided by next of kin, were not valued.
Healthcare resource use and direct costs
Costs of healthcare resulting from HNC were obtained from the hospitals administrative register in August 2014, including specialized outpatient and inpatient healthcare. Allocation of resource use to HNC was conducted by a trained hospital administrator blinded to the treatment group of each patient. For patients transferred to their local hospital after the initial treatment, length of hospitalization was collected from the medical records and translated to costs using a unit cost per inpatient day (Swedish krona (SEK) 6813 according to the hospital data file (information from Leif Sundberg, Region Västra Götaland)). Two patients in the intervention group were transferred to their local hospital but not remaining overnight and thus incurred no additional costs. For patients remaining in the study after data linkage, additional healthcare contact were collected from the medical records, and costs were imputed using median costs of previous healthcare encounters (physician visits, nurse visits, dietitian visits) or using Died during the study period, n 2 2 Time remaining in the study, mean ± SD 360 ± 25 356 ± 43
Age at inclusion, mean ± SD 60.6 ± 7.9 60.7 ± 10.0
Men, n (%) 37 (70) 28 ( There were no statistically significant differences in characteristics between treatment groups HPV human papillomavirus a Due to relapse and consecutive transfer to another clinic b Two declined to continue the study, one excluded due to confusion c HPV tumour status was available for 77 persons d Translated using the UK society-based value set (upper row) and Swedish experience-based value set (bottom row), respectively, from EQ-5D reported at baseline by 46 participants in the intervention group and 33 controls the reported unit cost per inpatient day. Healthcare costs were inflated to 2014 value using the Swedish healthcare inflation index (price index for the counties, including drugs [14] ).
Resource use for the coordinating nurse in the intervention, and for unannounced ad hoc visits for controls, is not registered in the hospitals administrative registers. For the intervention was thus included an initial interview taking approximately 1 h, and subsequent contacts with the coordinating nurse were approximated to 15 min. The cost per hour for these contacts was estimated to SEK 265 based on an expected monthly wage of SEK 30,000, social security contributions and other personnel costs to the department, divided by hours working with patients during each month (information from Andreas Pålsson Hult, Sahlgrenska University Hospital). Unannounced visits among controls were not recorded unless included in the administrative register.
Lost production and productivity costs
Information about sick leave was collected by the research nurses from medical records of each patient. The calculated productivity costs thus include all lost productivity due to sick leave acknowledged by the caregiver, regardless of payer or reimbursement status. Identified sick leave was translated to productivity costs [15] (often called indirect costs [16] ) using the human capital approach, by multiplying the reported time off from work by the mean wage and social security contributions, i.e. wage statistics in 10-year age categories (35-44 years, SEK 32,200; 45-54 years, SEK 33,100; 55-64 years, SEK 32,200; and 65-66 years, SEK 32,000) [17] and social security contributions (27-65 years, 31.42%; 66-75 years, 10.21%; and > 75 years, 0%) [18] for 2014.
Health-related quality of life
Health-related quality of life was collected using the EuroQol Group's five-dimension health state questionnaire (EQ-5D™), with three levels of severity, at baseline, 4 weeks, 10 weeks, 18 weeks and 52 weeks. It is a generic measure including the dimensions: mobility, self-care, usual activities, pain/discomfort and anxiety/depression [19] .
Analyses
Healthcare costs (including intervention costs and unannounced visits) resulting from HNC and productivity costs (by all causes) were compared between treatment groups, overall, by HPV tumour status and by patient characteristics, using two-tailed t tests with unequal variances (statistical significance assumed if p < 0.05). Baseline characteristics were compared for statistical significance between groups, using z tests for proportions and t tests for continuous variables.
The average total cost in each treatment group were translated to Euro (EUR) using the 2014 exchange rate (EUR 1 = SEK 9.0968) [20] . Due to skewness of costs and health utilities, bootstrapped confidence intervals were presented [21] . Unadjusted comparisons are presented, as was initially planned, but adjustments for baseline characteristics were also conducted during the bootstrap analysis to control if this would influence the results.
Sensitivity analyses were conducted using lower and higher quartiles of each imputed cost component (including registered costs of previous hospitalizations in addition to visits with physicians, nurses and dietitians). Moreover, a sensitivity analysis was conducting to account for higher wages among the coordinating nurses, SEK 35,000 per month, resulting in a cost per hour of SEK 310. The effect of alternative cost levels was explored for each cost component separately, as a most conservative (lowest cost assumed for each component) to highest total cost estimate.
The EQ-5D results were translated to utilities using the UK society-based value set [22] , with a sensitivity analysis using the Swedish experience-based value set [23] . To handle missing data, we conducted multiple imputations with 20 imputations in a chained predictive means matching imputation on the five nearest neighbours [24] . Covariates included in the imputation were age at inclusion, sex, if the patient was cohabitant with a partner, work status and HPV status. Participants who died during the study were excluded from the cost-effectiveness analysis. The quality-adjusted life years were estimated and incremental costs, and effects were compared using a published method [25] .
Analyses were conducted in Stata/SE 14.2 (StataCorp).
Results
There were no statistically significant differences in characteristics between treatment groups (Table 1 ). In total, 2964 specialized outpatient healthcare contact were conducted by the intervention group and 2391 by the controls. This corresponds to a mean number of contacts of 55.9 ± 16.0 (range 1-92) among the intervention group and 61.3 ± 15.7 among controls (range 12-101). In addition, the intervention group had 656 contacts with the coordinating nurse (Table 2) , costing on average EUR 112 per patient in the intervention group. Average healthcare costs for specific resources are presented in Table 3 .
Overall, the intervention group had on average SEK 4772 lower costs for specialized outpatient care and SEK 35,975 lower inpatient costs than controls. In addition to healthcare costs, mean numbers of days with sick leave were 120 (95% confidence interval (CI) 91-149) in the intervention group and 104 (CI 66-142) among controls. Mean productivity costs in the intervention group were SEK 16 607-66,279) , respectively). Although non-significant statistically, there was a trend towards lower mean specialized outpatient and inpatient healthcare costs in the intervention group, while mean productivity costs were lower among controls. These trends remained after adjusting for baseline characteristics. The graphical examination of the distribution of cost over time illustrated this trend (Fig. 2) . Productivity costs represented 33% of the total costs in the intervention group and 28% of the total cost among controls. Patients with positive HPV represented a large proportion of patients in this study, and their results were in line with results in the intervention (Table 4) , with trends towards lower specialized outpatient costs among HPV-positive intervention group patients compared to HPV-negative patients and higher average productivity costs among all HPV-positive patients.
The sensitivity analysis showed moderate effects on costs of using lower or higher quartiles of cost instead of median; for outpatient contacts with nurses, physicians or dietitians, the changes in cost per contact were < 0.1% and < 3% per patient; for hospitalizations, costs decreased by 9% or increased by 12%, respectively. Using the higher wage level for contacts with the coordinating nurse increased the costs for the intervention by 17%, from SEK 1019 to SEK 1192 (CI 1060-1324). The average cost ranged, in the intervention group, from SEK 506,399 (using the most conservative estimation) to SEK 513,022, and for controls from SEK 526,682 to SEK 537,516. Cost was mainly sensitive to the higher end estimates, with costs for the intervention group increasing by 1.5% and for controls 2.9%.
The quality-adjusted life years were similar between the groups after imputation, although the trend was towards slightly higher estimates among patients in the intervention group (0.015, CI − 0.035-0.065). Combined with the lower mean costs (− SEK 22,921, CI − 127,742-81,899) in the intervention group, in particular costs to the healthcare system, this means that the care provided to the intervention was dominating the standard medical care (i.e. had both lower incremental costs and higher incremental effect). Taking into account the uncertainty of the estimates, it was a 74% probability that the intervention would be cost-effective at a willingness to pay threshold of SEK 500,000 per quality-adjusted life year gained.
Discussion
This study found very similar costs between control patients receiving only standard medical care and those in the intervention group receiving also the person-centred care intervention. The trend was towards lower healthcare costs, in particular specialized outpatient care costs, in the intervention group. Moreover, the intervention, which has previously been found to be beneficial with regard to disease symptoms [13] , represented a very small additional cost in this patient group with HNC. HPV-positive patients displayed lower specialized outpatient costs (in the intervention group) and higher productivity costs (in both groups) compared to HPV-negative patients.
The main strength of the study was the availability of medical records and information also from other regions to complete data when patients moved region/care producer, thus giving a fairly complete picture of the costs of illness among these patients. Moreover, the data collection was further promoted by the dedicated research nurses delivering the intervention also being involved in collecting data. Additionally, Fig. 1 indicates that the chosen 1-year study period was an appropriate time of follow up for this disease, as resource use for the disease decreased largely over the year. Furthermore, there were no statistically significant differences between the intervention group and controls, in disease stages [13] , or examined baseline characteristics.
The main limitations of the study were associated with lack of data: Although previously reported, Bunannounced visitsî n specialized outpatient care were not registered for the control group [9] , thus probably underestimating the decrease in costs among patient receiving the intervention. Moreover, no register of primary care use was available for this study. Although cancers should primarily be treated in specialized healthcare in Sweden, it can be speculated that use of primary care should have been lower or similar among intervention group patients compared to controls, due to lower symptom burden [13] and better support through the intervention. This would further increase the difference between groups. Finally, due to data retrieval already in July 2014 and to a group of participants belonging to other home hospitals in the region, some of the costs for healthcare were not identified in the administrative register. However, our sensitivity analyses indicated that the overall effect was small of alternative methods for imputing costs. The cost estimation was most sensitive to the imputed costs of hospitalizations. Moreover, the reported cost per day was SEK 6813 while the mean cost per day for registered hospitalizations in this study was SEK 10,631 and median SEK 8145 (quartiles SEK 7443 to SEK 9194). This was further complicated by the large proportion of controls with other home hospitals than Sahlgrenska university hospital (> 60% vs approximately 50% among the intervention group). Thus, the main analysis probably underestimated the costs of hospitalizations, although the effect on the overall cost estimate was moderate and, if anything, in favour of the intervention group having lower costs than controls. In addition to costs overlooked in the study, in particular among controls, the lack of statistically significant differences between the groups was probably also the result of the power calculation being based on the EORTC-QLQ-C30 questionnaire and not the economic evaluation [13] . The medical care itself was not expected to be affected by the intervention, and the randomization was expected to ensure small differences between the treatment groups. Thus, individual level data on tumour site and therapy was not collected, which makes more detailed analyses based on these factors unfeasible.
The cost for the intervention in the current study was low and was not intended to interfere with the medical treatment of HNC. It is an addition directed to support and guide patients through a very challenging treatment period lined with side There were no statistically significant differences in characteristics between treatment groups HNC head and neck cancer, HPV human papillomavirus effects. Patients with HNC report experiences of being left alone with their worries and problems after the treatment, with limited support from care providers [26, 27] . As has previously been reported, the intervention has been successful in providing better service than the traditional ad hoc organization [9] and resulted in higher scoring on health-related quality of life and improvements in cancer-specific problems, such as swallowing, social eating and feeling ill [13] . Moreover, it has been suggested that there are large variations in preferences of treatment priorities within the patient group [28] . In combination with large variations in patient groups and treatments between different studies in this group [29] , little can be said of what are the general needs for follow-up and support in the daily life of patients with HNC. The identified proportion of patients with HPV-positive HNC was, for example, large, compared to the 20-40% described in the literature [30] . One possible explanation is the eligibility criteria of receiving therapy in an outpatient clinic, as opposed to being hospitalized. Thus, our study population was probably biased towards younger patients with better disease prognosis than the average patient with HNC. In supporting patients with HNC, team-based approaches have been advocated, including, e.g. medical, radiation and surgical oncologists, dieticians, speech and swallow experts, radiologists and social services [31] . According to a personcentred approach [10] , this team should also include the patient with HNC working in partnership with the healthcare personnel. Our person-centred intervention was coordinated by oncology nurses, which is in line with several previous projects addressing not only the needs in this patient group [8, 32, 33] but also the formation of such a multidisciplinary team. Using nurses to coordinate the project should result in acceptable costs for the intervention, and their general interest in this type of follow-up has been described previously [32, 34] . According to our results, they also conduct a large part of the healthcare provided to patient with HNC.
Together with the previously described improvements in symptoms burden [13] , this cost-effectiveness analysis indicates that a person-centred care initiative would benefit patients with HNC without increasing costs for healthcare. Moreover, the similar costs between treatment groups for inpatient care were to be expected, as length of stay and resource use during the initial hospitalization should be mainly associated with the cancer disease. In particular, the intervention should benefit the younger patient population, with HPVpositive HNC cancers, that should be more likely to attend outpatient care. Conversely, the incidence of tobacco-related HNC is decreasing in some countries due to changes in the tobacco use [1] . This trend towards more HPV-positive cancers has been associated with an increased survival rate, potentially due to more treatment responsive cancers among this patient group [12] . The slightly higher mean productivity cost identified in the intervention group could be explained by the, non-significant, higher proportion of intervention group participants being in active work. Due to the non-significant results from this study, it would be relevant to continue following resource use and costs during introduction of personcentred care in standard medical care for patients with HNC, e.g. through clinical and administrative registers.
Conclusions
This person-centred intervention did not result in increased costs, and the statistically non-significant trend was towards lower costs for specialized outpatient care among patients in the intervention group compared to patients receiving standard medical care. Moreover, the costs for the intervention represented approximately a half percent of specialized outpatient care costs in the intervention group. The decreased total costs and a slight increase in health-related quality of life indicated that the care provided to patients in the intervention group was dominating the standard medical care provided to controls. In particular, the intervention is expected to benefit the younger patient population, who should be more likely to attend outpatient care.
